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Sunif«tj(y 

Af{ rcitrrajKjing srvtitjof) teceptor gsnes have one or 
Iwo highiy dtvefse CQmpienjentarity detBfWtning re- 
gions (CDRs) amona tha six that typicatiy forr'i tno 
iigand bindiog surface;. Wo report here lhat, tn ti^t- case 
of antibodies, rfiv-ersity <it vno »* these cegions C0R3 
ci! ifie Vh dofnaifi, is stjtficient to pertnit ot)ierwi-;c tdon- 
licfii IgM molecules !o (Jislioguish between a v^tiely 
u( napttT, anJ protein antigens, f-urthetmore, fmd 
thul stij-ri-itic mutation can allow such antibodies to 
achieve surptisingiy hitjh aMinilies. These rosutts are 
consistent with a modeJ in which ttie highly tJiv^rse 
C0R3 loops are ttie key determinant of specificity ir» 
antigen i^ecogtvHion in both T celi receptors fTCR) anci 
sntitJotSes, whereas the geemtine- enootJed CDR1 and 
COnz sequences are much more cwss-reactive. . 

introduction 

Dufsng iymphocyte deweiopment a larqe r&peftoire ot 
(n»<.tocJfmefic 3nti«ort '•fceotors both an+tbc<d(es and 

R-; ire» prsi ( td bl d >.ar jf rrerhan «;ms iTjne 
Qi T 59 D I md b)C "'"f ! ■'t-8) in jnli-^odf ? 
h'' ofndfng tto fo -inti j rs, i' funiwd >y bix CLRs. »h^.t 
loop out from ihe V reqton backbone formed bv two 
vrpi.t of [.1 atrd sff^nd^ (reviovtcd n Davits ct <jt 
t ^ )0} f if iiiipsjttance h<.s beert ittat^hed to tne germ 
nr V itnf r- t rti jrc for tfit. oevdopn tnt of effec tivt 
»^"ionf res^jonseb as most oi ihc oORs aie cn^-odcd 
hy the tjerniime sequences (with the excQptiorj of CDR3 
of the heavy chatn). it has been postufated that the V 
IPC- on qerteb aro «;{ ierftv^fy tet-jinwd tn the gemiline 
di nnq evoi moi m t of t oi c p v tn iccomrno 
djt niffcri rit ) > ) 1 * icyeis/ 3 Coh-i 

P>^<.( t ^>tiu tuf i JO l!,s6-« s.hvJVi lh.t fO f •> "'CFts 
an-)(no actds at positions eqtiivaient te the COHs in anti- 
b;jd«3s sho fom ihe poncipai contacts uelween TCRs 
sf rf fh->tr r rl'do/fc'HC "iq-jrit>s (G.irtw* Rt al 195,6 
Cnu^tt f Diiytf ( fVinh tt ^ 

pit X with If IfJI' 'S itr 1 , 1 ! 1 (J 
to JttJj 11 If k tf )<• f TOPo r c jiit..,^ ucOj in irt 
nii'ioj i kcrji-* int-f ^rf-viHi. ed tin hit nt-ta! 19S6 set> 

iiso ti f 1 1 -I -Jo ffn 1 1 idinj to trtacej. between 
lit! E 1 itct pt:ir m j m ult.-, ^iiid tf tir iRwndb -jre cjcocr 
!t> ! ji J [ V r i >i ti) A ) Odd 1 0-^0 <;idcchain'- from each 

sidt rti ftt ^.Lst < rii-iif<r tft>.ioAtri ,n Davieii ct at 



1 890; Davies and Cofien, 1 996; Garda eS ;5l. . J S^)'.)}. Haw- 
over, despite the broad interface seen in the cfyst.-s! 
stfuctufes, sequence diversity in antigen rpceptots, .-=, 
not evenly distributed among ait six CDRs but is highiv 
conctrntraied in one {in Ihe cases of af!li!>odio& and \fi 
TGi'?s} Q'- two {in tho case ftf TCRs) CDP-Zt- iOa^'ts 
and BjOrkiTian, 5988; Davia and Chien, l^iQU). AltfwuQh 
fhe skewing of diversity toward C0R3p ifi afi TCHs is 
undtjrstandabte because these am>no acid residues 
mainly recognise the antigenic peptide while other Cf.'JRs 
priniariiy inleraci with MHC fJofgensen et a!., fdOZ; Osf- 
boc.zi i?f al , 1 M6: Garcia et iJi., 1 996; SsnVAngiito al «l,, 
^i^t'fi- D iig a: , !^)98; Hfc-nht'rj; «t 3!., 1999}, iharc has 
Li>«r. 110 t?xpia:-at;(jn (oi sui.h a jji-ieriOfn^non in ari-ibod- 
les and vii fCRs. Even ;vo>e ptrzz'.ing !S Ihc finding t/)at 
in antibodies, both COfil and C0R2 of t{>e tieavy chains 
and ait CORs otthe iighi chains have onty a fev/ "canoni- 
cat" conformahons, and oniy She heavy chain CDR3 loop 
tias a wide? r.^igc of v<iu,itic.T;--> tn hcth lerujth and shapa 
(Chothia and iv-iv m .it,, igss), Such 

c.iiionicat CDR >,avc .its.L. beefi seen in tvfi 

TCi=? cjyslat stftjclurcs (CDR2 of <j and S p-articutarty. 
ijut not in COHSa or CDRSp) (Garcia et at., 1S99). ai- 
thotjgh some of this tintformity may retate to MHC bind- 
ing requifen>en(s. The si<ewintj of diversity In ail adlisjen 
r'.>c6i.i!';r rf!ote.,-ij!t-'s fiar, led to the stjgaestion that thfi 
highiy divi-JSt: CDR3 &t>quef!ces arej the principiif deter- 
rmnant o! .specitfcity in antigen recoQnition, at leasl in 
tng priniary jepenoire (Davis at si., 199/', 1S9S), 

To further undaretand the motecutar basis of antigen 
receptor specificity, we have constrained intce to uso 
8 single Vk gene but fu!i C0fi3 diversity to gsnerate their 
B caff repertoire. We challenged such mice with a v«irieiy 
oi prottsin and hapten antigens and monitored iha dcvcf- 
op.q»ent oi primary and memory immons responfi«s. We 
find that antigen-specific igM motecoies isolated ffo«) 
primaty response of these mice can differ only in the 
CDR3 of the Vh domain; furthermore, we find that so- 
matic mutation can aitow siich antibodies to acitieve 
surpni-i'igfv higi^ aiftrittio^ upon rochaiicnge witn piotein 
antigens. oniy anligans that nis^m generaJty umbie 
(o be acCQi-nniodated by an arbitrarily cliosen Vu are 
bactijna) polysatxtiarrdos, The^e rosiifts indicate tfiat 
an extensive V j^oth Vj, and gene repertoire is not 
nsscessary for she production of specific anttbotJios to 
tnoBt antiijen-s, and that tiw V,< C0R3 piays a very differ- 
sfii '•oif in the tnnkeijp of trio antibody binding site than 
V-', .-or:;-; r »-.?r.cc'Jcd CDR1 ^nd C0R2 sequences. 

•:';>..!:■; s.:■:■t-;;i■^^ tilot the purpose of the highiy 
divarsf! COfVJ regjon of aii anstgen receptors, both TCRs 
and antibodies, is to determine antigen specificity. 



Gc< pa rim Dntsi Systeni 

tn order to ohsractdriie tn» antibody responses of a 
organism with a very limited V reg'on repertoire but hi 
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A. Heavy Chasn Mintiocus, HC ! 

♦Vi-w<-i Vhh: itn Jn £(; StJ C\i Sy Cyl t.cuj- 

8. Light Chain Locus 

ViS Vmc Jiacs2w.4 vC»4 Vj.1 jj;} cm JU Ctl 



F(eUfOl, Physical Map of ttio TfrtiiLj-n^- Hoovy Chan. M!.i;!(j?;!,s 
MJr and the CnslitgertoMs Moush x i.igtit Chain Lovus 
Diswings aro sqhotnatic ostil not tc. sca e. i diitotas psoutJogsnes. 
V, vanabla gone scernofX; 0, divers..;>' sc-ameni, J, joining segment, 
C, tcif.stan! fcgcofi goin>. i^iich r.-q.an; £, snliaocor. 

CUH3 d'v'o.-iiiy, w£. i;!ifw$ 3 creviousty describoct trans- 
f-lf^} vvhjch coruaitis one ^mctionai humjin Vi, 
gt-ite ,v?3r(wnt iVnS-^l), !ori iorictionai D segft^spts, six 
srgrnonfs, Jiiici Itic dnci C,1 cotv5tant motons (ftB- 
ore -.A; Tayfor at ai,. 1932, i^iM), Vhe HC) irafisgonSc 



mice iwcie bred ooio 'yH ;t;i- '~ LiJ< ^9ro^.t;c1 iCner) 

I'gK ■ the ortiy fufiotionai imm»nogtooul:n that car) be 
ptodu>>xj ALfj:ii comoi^ie the sifcjlf V-.'v-GI w-th oot- of 
tiw tlifet' A light Chan; V regions (V, ! , V,;;, or V, x; hicjuftj 
18} from the siouse, Fiow cyioinylry a:ia!yb. ; 'f^'-cal^d 
that the HCl transgens partialSy rtjscues !ht' B celt com- 
partment of an IgH-'- ig,i''' mciijise, 3ii!hosji.}b B ceii mjin- 
t«!i-s arc .?Ktrfmel>' low f5'',«--!0Tu nnaiiai; data not 
shuwi \ Se'u-i <nci ^:>fs shows that tevels of igM and 
ig&l ra,-.go i)om CO tc 3C'0 (tg/.n! f5<'A-tO% nomiat) Sfic/ 
0.3 to 5.0 (<.g/rnl (0. 1 %-i % notmai), respectivofy, in ttieso 
mice {data r>ot shown). 

Arttigen'Speciflo Devefopmeot of {mmune Rtssponses 
in the HCr"> f$H''' IgK''- Mice 
To test xvhBthor the B ceii repertoifo with divef.sity only 
i!^ V;, CDR3 is oftectiwe. we Jmmutifeed tfi« HC/ IgH^'" 
Iqh. ■ mice with a variety of proteiii antigens: koyhofs 
linopot hunwcyanin (KLH). hen egg-white tyso2Vi^9 {HEt), 




Pigwe? Antsgco-Spfccifii Oe\Btoptin,f.t o; 
tOM afKt !gG R(. sport'.,.: •. ip sf o f C ' " .-jH ' 

Tlie ;!C'P-' /rjH ■ !j. ■ -„.uc w.te 
nUeci wiifi KUt (A), OVA (B), H£i, (Q, ONP- 
KIH {B), phOJK-CSA JS), Of PCKi-H (F) on 
iodieateiJ days, Ssivm s«fl>p)es wore cw- 
tecterf 7 (Jays after each ini««ion and tiiiulsa 
It5!)-i;250 smo micsromof woli» ee4te<i wfth 
KIH Of Hgt (AJ, OVA or Ki,H {^l HSt-Or KtH 
<«. tSfJP.SSA or PC'BSA {»}, pijOjc-eSA or 
Kl H (Ej, or ('C.^8SAor DNP-SSA {f=), Awigen- 
Jiouad fgM or fgG was deteetod ss (ltise!rit)eti 
ye ••.tin Exp6r.rn.>nt3i Procetf jf os. At least ttirw 
nwo wofB (ijstocf for oac.*! sniigert ami fo^ 



Mok-ciilar Sasfs or trnmonogtobuSo SpewftqtSy 



F.y>..« a, aeq.,«ncff «ua.>'sts of Monofilonat Antt-DMP, Anti-Om, Anti-KLM. snd AwM-Heu IgM ArtSfbodfes Originatetf from rh& HCl*" m '' 

""^ " ■"''^2 .nv^..t>v.>/..«. «r>iK)Oi»es ajjamsl vaitoiis anoseos was synlhesfeed sntJ ampiiftett iiy ft t-PCH. ctonsd. an(J saquences!. 

^ « e of tjoih h(.4v (A> H t B) h of nou n on clom n t i T( <- tof n« n (A) 

u id -n-d t V ft i>6c i 0 <Jjt>s cnttfclfctJ b It a (.i, te 

T nt ( i) Wj d f n jc i) h groe ts,s)f etlae •ix 'ito t xnct t 

o Oft iegv a <i a Ki t dcco otoa (o by D a a p esiff at iy encMx* t>y (t e •* nud^ do* Ai ot srlii li fcoJ« ^ wn 
ore (») fsM isotyixt, soma of (Jiese hytwittomss W*. ONP-a. ONP-ll, KtH-l. KUl-3. and OVA-a) were isolated twice f>i«» !h« «.am& 



cfiu;!<.in GV.-s-btirnir! (OVA), cholera toxin B subunit (CTB), 
ai. wot! .J;-. ti-iptOFis: i-.',-!-dirii(ropfi6niyi {DNP, ct>rij!jg<}t«*d 
to KU I), 2-pJionyi-4-timoxymolhy!ene-5 -oxaiofone (phOx, 
coojjyated to chickan ssrom albumin, C3A), antJ phos- 
pfsorylcholine (PC, conjugased to Kl.H), f=icjum 2 shows 
the fsstJits oi onKyroe-iinked irtsi«tJiwBOfbant asssy 
5KLtSA)<jf some of these responsos. As lypicol nssrfnal 

tOWOt} by {QG- A« wet mice !»..->:-!■ • . : 

antigisns tested, a;<oept ihs p.:gu--- .yt-j-.,';;i:rit o rCC) 
protein, to wnich oniy three oui of moe rnice were at)ie 
to make a t3e{eciat))e response (data iiot sfiown}, sug- 
Qu&tmg that 3 est! ciones wUh ihis specitictty are vety 
rare in these mice, 

Sec?«i3ncft Analysis of Antligert-Specfii.-. A-;ii-(,v(.S:oi 
Derived from the HCI^'^ IgH * - fgtc - Mico 
!i has i:(jen previoiisly mptsrted that in rr^ic;; w:;,'-. a fixed 
VDJ„ fearf3Age!Tj«;nt, V gene repSaceroenS an<i sorfiattc 
:-iyDc-trfi-.itat:on can genet-ate a significant tevef of func- 
■tonal diversity it) the ptiniary repertoire (Cascalt)o tj) 
5996; I6pez-Mactaa el af., tsgsj). It was therefore 
possible thai secondary rearfangemersf s and/or somatic 
miitittfons could contribufe to Ihe antibody rosportsos 
ssoR in ttie HCr* igH''~ Igx ' mice. To corjirol !&r this, 
as wesii as to characterize the respondfrjg aritibodros in 



more detai!. we immunteed HC1 fgH''~ igx mice with 
ar^tigens and isolated hybridoma cetf !fn&s producing 
.vjfigcii-spccific IgM atjtifcodiea. Animals wore immy- 
nizsd only onca to minimje.e somatic hypermutaiton. 
Cofnp!(?i-nentary ON A (cDNA't frcmi botii hefiv.'v f.nc! hgYn 
Chliin triRf-JAcf ttu-su antibcJies. v,;js OvMhi-Misa. atvipti ■ 
fied by polymotase chain reaction jPCR). ani3 then 
ctoiied Srtd soquenciid. Ati ihB nybndonias cStaracior- 
.;:c.:l uf;cd nrMh ¥,,5-51 ar^d C„ from the ,WC? tr-iinicjow 
111 ihcir ht-avy ctiaji^ atid tjsod eitiifj' V, - -J J or V,2-vt^2 
in their tight chc-iin (with ttie exception of ttybndoma 
HgL-2, whic.^i appears to use Vjl-J^z in its ifghl cHato; 
Figure 3 and data not stiownj, No V^x usage was otj- 
served. 

A comparison of the antf-DNP, cinti-KUi, art -OVA, 
and atiti-HEL igM sequences shows thai tno;;) fxprej^ 
tha VhS-51 gsne segmerjl in its geirniine for^^ and t^us 
differ onty in the C0R3 region of lh« heavy chatn. in 
addition, there are two !arge sets of hybndoinas that 
axpress ideoticat light chains weii, Ttte firs! set ia- 
Ctudes £»JP-S, ONP-7, Di^P-8, ONP-n, ONP-ia. Kf.H-5. 
OVA-1, OVA-2, at?d OVA-4; and the second inciudes 
DNP-10. KLH-e, OVA-6, and HETl-l {Fiauic V, bVSA 
assays on ail of these aritibodios confirrtiod t( >'->, 
Oftly tjind the ar>tigen they ware raised agaiftsS, consis- 
tetii with Itie whofe surum analysis shown i*) f-igure 2 



fic« Aoalj-sts of M<wocto»s( Afiu-OVA smd Afiti-Het tsGI AoKbocite* Oftginatetf Uom me HC ( •» Z^,;-- Mica 

?"!g »ionoctonei (gGI antitxxJiiss 4e(ilost OVA <OVA-;} and HEL ^£1-3! was synlhesired, amtitified by RT-PCR, cloned, and 

.-. f 1 snj the iSufiiKod amino acid sequences. SimiU as in Fiqsjfs. 3. 0 setynent aisignmsnts ai» bas«d on ai teast six nucteijtWw 



(data not shown). These tfsiulte show that diversity m 
ihe CDR3 fegion ct V„ aJone is sufficient to obtain higfify 
specific IgM antibodies to these antigens. 

Among the DNP-specfftc hybridomas isoialed. two 
sequences (DNP-S and ONP-11) were seen twice; in 
addition, OHP-B snd ONP-ll aro different at only one 
position fiscieucifie versos alanine} in Vt, CDR3. Fur- 
tf^eoTiors, tfie jurttiionat d;vcr5;ity in the heavy chain is 
resfrictfjd. Fot exampfe, all but one Jiybfidomas tiad 
identical CDR3 tengtti, ytiiized J«2 gene segment, Sdd 
Etxpr essifjo giutamirte at position 95 (ifie firet amino acid 
in the iunotioiiai region); in the iight chains, ali but om 
f'.aa louc.itie St pf^sition 95 (th;i !irs! aiYiino add in tne 
jonctiof's! region), evw thougf> tfyptophano is encoded 
at tiiat posit(or> in tho gftifnl.riij J j. in tfie hybridomas 
specific for rjrotetn antjqso;:, (here were idt'otica) re- 
pi\-ifs; a? wfiif. fof e:<;»rif >!(-;, soqifences reprssented by 
!\f. i i - • , Kt.fi 3. riiKi OVA'2 wTo ;3ff iaoiatejd twice. Also, 
OVA- 1 .!nr.i OVA -2 ari: riiHeren! only at position 96 in tfte 
h&&\y chsir», with arginirie in OVA-t and iysfnc in OVA-2; 
both arsinine and lysine mstduas are positiyeiy charged! 



High-Affinity igOl Antibodies for Protein Antigens 
from the WC*** IgH ' Mice 
Having estabiisiicj t;i,i! t;;,v /;<;?'"' .'y/-/-'- ig^ '~ irsice 
aw capabff of fnoufit^rKi .>[i.>ifi(y jpecitic anfibcsdy re- 
sponses to most, ;f f-ot (\-\, or ihtf aniig&ns, we asked 



whottsisr such fnice ran produco iiigh-atfinity sjitibodtes. 
We pursued ihis question both by f.)^5n,^fa1ln^ mono- 
cionai igG antibodies thr()ug^i hypeofrimanizaiion and 
by purifying poiyclonat igu anttbodwA from antissra. Wc- 
oblainod twu igG1 (!iono!;ionat .juiibodi-s, ane specjdc 
for HEt. iHEL.-3) ;snd tiio vihc-.r ior OVA (OVA-7). Soin 
(rtonootoFiaf antibodies used ttie y>,5--51-Ci1 in the 
heavy o^.nn and vj-jj-CJ m the iiyht chain. Both 
HEl-3 and OVA-7 antitjodies.aiso exhibit evidence Cif 
sotnafio bypermutation in both tf^e yi and K chains w/ith 
most o) tfte mutations being iocatod in the COR regions 
((^igure -1), aa is typical. 

We ihefi efnf>ioy<Jd suriacfs pl.-ssmon resonant (Si''F?} 
ieciinsque {Mt-irnqvist. 19S3i to rneasitre -ha aftirmy ot 
ti>ese 3Mjbod:es Wo Hiunob:ii^i>d ti-o Hti-'i unhixitj-^ 
on the bioseosof chip and pas&ad different concentta- 
lioos ot H£L over the immot>i)i«ed antibody {Figure 5A). 
Fittittg of ihe binding curves gives an association rate 
of 9.3 ,v; 10' W' s"' and a dissociation rate of 2.5 x 
10 s"' at 25*C. Tfiiese values give a Ko of 2.S5 x 1 0"" 
M, or 25.5 pM, eqoivaJenl to the i>igiiesi .-sttiniiy fiiUi- 
HEL antiDodtos l^nown (Oavies and Cohen, 1096}. i or 
«n)<nown reasons, immobitizatton of OVA-7 on a biosen- 
sor ci^ip ioatis io its inactivation {data not shown); ti^us, 
we itnniobiiii^ed OVA on Vov biost-nsaf chip and allowed 
OVA-7 to btfid to the ifi!mol7j!ii-ed ti^and {Rgure 58), 
Wtiilc accurate iif!ifu-j of tfie btvaieni IgG oifidifig is not 
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ssxiii injection aoo pooiod. IVjia! (gGI was 
(jutifiod (iom preim.Twna (opa!> firtlas} ot at:- 
(iserum {ttoseiJ citcit's) w<«i aftinfty cotumn 
using goat anii-ftumso ig(S t ii=o spocme} an«. 
ijocty uontu<)at«<l so agarasi: ))«ads, afltj 
passeo evfjr Hi-l (Ci or OVA (O) eouplod to 
tf«3 CMS sonsor chip at & concent.'siiion of 2S 
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posstbie, wfc did !t;id ihiit OVA - 7 dtasoctales siowsy: 
ihti appaient diissociiitiori rata is ■■^'5.0 X 10"" $~\ As 
bivalent ai-iiibcjdies havG dissociatiorj rate? that are ap- 
pru.<imat?iy 10-fold slower ilian their rnonovafertl Fab 
J'agrpents (Mason and Wiliifirns, 5086), !tw estimatsd 
bo!)aficfeciissof.f3tion r^fw constant oi C.'VA-? is. .apptcxi 
iT^alely 5.0 lO"-' s" Givan a fypit-ni association rate 
or O.fj"'* \ ^.GU M" ' s ' fot pfoiairi-p.'oioio jnlv;ractiori;> 
(Mortiirup and Erick'son, 1 992), the Ko 0* OVA-V woyld 
b.? ift She 1 --10 nM ranoe, eornp^rabiy wilii nionoclona! 

Total IgGI antiixjdios from ihe ?tirH Jgs< 

mice immuofeed with HEl, OVA, or KLH were also used 
m SPR aoafysis {Figures 5C and 60 and data i>ot s^town), 
Agalrs, we found that polyctooa! (gGI antibodies purified 
from the WCr** IgH'*' IgK '- mice bind tdeir coQt.ate 
aEitigen faWy ttghtty, with m apparoiis a:r,so;Ma';ori 'sie 
of M X 10-" {Figures 5C and 5D}. Thus, rhe avers^'* 
Ko of Ihoss artibodios woutd also be in ttie 0.2-2 mM 
range, assuming a sypicaJ association rats of 0.5-S x 
10' M-< s"', 

Taken together, she antigen bif^ding datn from both 
HEt-3 ana OVA-? trtonocio.i'jls and fives polycSona! anti- 

irom the HC ? ■ igH ■ ' Iq^: ' mivf tc . ii^'vcya vary high 
affinities (jgjsinst at toasi protein antigens, comparable 
to mice with a loti V ragion repertoire. 

Faiiure of the WCr* IgH'' Mice to Respond 

to Bacteriaf Polysaccharides 

' !f ons V„ gene is able to accomniodaie inost or all oi 
tilS antigwsB, why are tnets so many different V„ genes 
in most vertebrate genomes? Jt is currently thought that 
the T ceJt-irsdependent IgM response io isaclortsi poly- 
saccharides provides an important protection to the 
host during isifections Msneway and Travers, 1997). if 
li^is delense reiies an a iarge V rsgion fepenoire, as 
previousiy soggested (Cohn et a!., 1980; Rajewsi^y el 
ai., 1 987), the HCl Igii''' igx " mice may no! ha al>te 
to mount an anti!x>cty response to some bacterial carbo- 
hydfate antigens. Therefore, wo injected ttvfj HCI"" 
!gh' ' (Ok and five C57BUS {B6) mice wish dextran 
B51 a (DEX) from Leuconastac triescnteraides, a neaf- 
linear glucose polymer with 96% a{1-~&) iinfcages, and 
fotiowed the immune fespor>ae by ELtSA. DEX'Spacitic 
!glW was detected in every B6 mi wafter the first injectiot* 
{Bgors 6B); however, no IgM respor>se w/as observed 
in any of the HCt*^ fgH''" ■ ' mice even after thr«e 
injections o( OEX (Rgure 6A}, The !gfr'- Ig^^-" 

mice also failed to respond to iwan. a btanchod fructoss 
fiOtynier from Brwi'nm horbicoia (Figursi,"} 6C and 6D). In 
coMra&t, the HCi-"^ SgH ■' /gs< '- (as wei( as fJ6) rnio; 
't.-.'sponded fo oth'ir i'-ifidopendent antigef^, 'or example, 
a.'S.e-tnnitropheny! (TNPj-Rcoli (Figures 6E and 6Ft, 
Thus, tfttj latit of responsiveness to the two poiysaccha- 
rtde antigens in tiie HCf igH ' ig« ' mice is probatsly 
not due t« lacii of T celt Since atl snti-DEX mono- 
cfonai antibodies reported use tne « light chain {Alsoikar 
et at., 19S7; Wang et ai„ 1950), and it has been shown 
that tiie Vk dorf'ain;; do piovide- &ntfg«nic contacts in 
these antibodies iWi-siiicl^ et a!., it is possibJethat 
the failure of the HCf"" IgH " igK''' ithcc to respond 
to DEX could be solely due to the lack of tho approprtete 
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Figures. HC!"> IsK '' 'S""" Mice Mount tgS^ flesponsc to TtiP- 
Ficoii but Not to Oex Of LevsKi 

M!C« wfth insflcatorf gcnotypi'S wsro injected frifraweftousiy wHft TO 
jtS OSX iA artef 8) Of T«P-Ficoi! {£ aott f), or intfaporitooeaSty wiS> 
SO jig fevan (C sutf D) on day 0. K, anii SS. Sw^ft SBmoIoo were 
cottecisd 7 days aitsr csch injacfioo and dSuieri );J0-1;S5<} ?nl« 
(nieroTiter wefl» coated wim oex fA and S}. sevB.1 tC a.-«i 0}, Or TNP- 
eSA {g and F), AMi9cr>^in£«n9 human w mouse antibodies (!gfi4 
and igG) we(« (i&tsctsd with ijtKsliot! phfjsphatasa caojugated goat 
anti.))ijnu)n or goat anti-fWUBe socuiictsry switsodies. 



Vk che!tj(s). To tost tins possibifity, we reintroduced a 
functional Iqk fociis into the mutant mice, but the re- 
suftiog animals {HCf"^ tgH"'-^ Ig^:*'") were sJii! unabie 
to respond to OCX {Rgura 6A), In addition, we afso immu- 
nized Ign'-'' mice (with a oormai V„ gene repaftoire) wHh 
this antigen, and they vms aiso lioaljfe to respond (Fig- 
ure 68). 

The observat(Or> that {Igfr") IgK-, HC?'-- IgH-' 
ign^'^mUHCVigti " igK'- mice ail lallod to respond 
to Df^X indicates that neither Viii-St nor any of th^ V, 
nftnes i..ftn be litiiixed to accorniTiod.ylo this a r-tit^ ..■(-;. 
' -nvji-vcr ;t cannot bertiled out tli7,t ;i v'.r<y iow (r-jquer^cy 
ci 0£.-X■^pi:•Cltsc a cells were stitt pre&snt in nhtv-se mirt;, 
biii the few precursor B celis were oyerv/heirrtecf ijy an 
excess oi antigen (i.e., high zone toferance was induced) 
(Howard et af., 1975; Fernandez and IV)6lief, 1977). 

Discussion 

ft has been known for some time that io both B and T 
eel! recognition, some epitopes show rsstricled V gene 
tisage. For exampie, very limited V„ and Vi genes are 



imittunsty 



used m wnmune responses of unbred rritce (t> tnany hfip- 
*(rt pgivsacchti idt and i p n Tittj^n-i ii c ud 

fctaf 19/1 Manser 139i.» tir- y l <. i. ly riiKtHvJ 
al., 1^78: KaartiFien et jiL, iaS3: Syrek and MiJstcin. 
fv<ii}. (** hydroxy v*(ittropher>yt)acety) {NPJ ((manishi 
nCM^tvta 10-^ fi/j SliwaodBothweit 1988) DNP 
(t^icf^K ii l^eo las'!) phoiphoiytchotme (Prtter 
lid Lie fi rat <970 Sh< r id r-^bn 1 5 ^ O^r^.U 3 t 
J 13 ■) t-a \ ti-t •> 

ii i 3 W inq If U 1O) 9 1 i un ' h is ^ 
P<.fer fi7S; oljpliy!txi,c d m Ut, iso (f-atfimm (.1 rfJ 
liS77) „rij influenza he J9gf ittn" (McKvine af nS4 
CcJtkfcO iii iSgi Tc«t e.t,ogt(ittoo of peptiii*»/MHC 
t-nmpiexos fi, often (but not -tiways) fatrty feslrscted wilf) 
respect to V gene usage (e.9,. Hedtick et a!.. 1SS8}. 
Homvsr. It ?s not cisisa- whether the prstefred V geoo 
segments) are absolutety required tor wch epitopes or 
a 0 merely the re<-tj f oi axicnsKc ^ioiat expansion 
where 3 slight advantaqe « bindifiq waukS allow the 
fnpst optwdJ V<Vt cofoL fta'fi n to preootniftdta In tht 
curreni sttdy we fnd t) dt mit,e having only one funo 
t»on3 Vt, ird {^f^ectfvelv twoV gone segments are at>t«, 
to mou It ^rgh^ sptcif c enttbody rf,sponj>es io most 
aritiQc iS It tnu^ S6'«ms 1 kety thdl the reslricieo V ceno 
usage obbervect n rptssl immuns rpspon_es represe/its 
the consequence of antigen -doven cfonai expansion ot 
kinetjcasty favorobfe sntiaert i-eceptor ^ one{s) 

lft*heHCT */Q'-/ IQ^, m(v,e w<s md d remarkable 
restriction m CDR3 cJtverstlv wstti respect to tsolt) 
length and nmno acd comoosition in ine ptintary im- 
mu) e rebponse to po h t- ap cn jnd p oitJi in nr^ns m 
he IgM artibod es there drtj na-^y cjent cal or very 
Similar sequences, A restrictive pattern of V„ CDR3 
woolo norrrsally be imerpi-eted to mean anJigen-drivan 
ivlon-s! escpansiort fiowever considering the lo\ ef(t 
Ciorrey jf nil f 1 <n tiip t oi itii - r<iit ^ ^ 
tJQy I t(ut i tit nti 1 V / ^ li.uii I t!o 



t}ii'expj(\ 1 if iptrti,t)af pjcitii.it> ^i-uts a « 
esuftuffJ^f ir^U V(b)J f iir^inqcmiiit es nt f r the 
reifjH of somi, /pi o' «-t.ie< tfoo 

Our r8!,ut»j 3isa tndtcata ttiat the arifigen binding site 
ot nonsomaticafly mutated antibodies is not uniformly 
specific but instead consists of one highly diverse CDR 
ioop{V rDH3} sod at least four gtnenc antigpi b»i>d 
<ncj X'f^ IS <f 0^^ 1 + 2} t, ujtn (h<. son tv/h^l cl vcr^e V 
CDR ^.^M a^kpv ^«fV iiiforfcp U-inga 
phdjt fi3, ii- ir> ^\ t (1 d <. offi, I j If- pii^vftAu^v, 
showed tiia! a 1 3nf)» ot iiiipti^n and protein binding activ- 
ifiesi tcjijld be isoiatect from ;i rep'jrioi'p of s^-itiboriit-s 
(;OfT)pffeing 50 humsri Va gene segments in combinaS;on 
'A-hh :j iixpd iighr i^hsy-t fl-ioog;5nboo;n a.'id Winlor. 1Sl:2; 
Niss:r(t *jt a:.. I'w). That V,, CDR3 might play adornlnatit 
rose in iwiigen binding was also suggesied by eadter 
studies showing tbst n heavy chain aione or even single 
Vj, domaSiisi can bind sntiijens with a comparable afftnity 
as the intact antibody (Ward et ai., 1989; Noel et a}„ 
1 996), In addition, it h»iB been found ttiat tar tdomty mirta« 
gefiiwng the V„ C0R3 of ati anti-telanws toxin antibody 
cnabies the isolation pt a new specificity {i.e., for f luores- 
Ciiin) (Barbast et 3l„ 1 992) . Our results are also consisterit 



Wf h tl(, FtndHigs *hat iriurine b ^e»& ihdl in 0 
>fr J "> lA jmnn i i-vyot-i timenft 11 Ei-e i e rn 
!!!<, !/d hdiM CORo MJ»^<c .jnjcuseih,- 
as wot! VJhen they devsate froiTi tfis oriqinai antiqen 
eav-fiv('i> o-^sciho e ! t ipe id^ ct „t 
Ottr data may expfam ihc long-staodtng pitzzie 
ot 'canonicar CDR structures in atvhbodies {Chothia 
and Lesk. 1987: Cholhia et at.. 1583). We wou.'d simtiesl 
^3 1 f->r CDRsfTji 1 lu]. )il r f 1 t>i ^t ilH) > 
Qf a bindtns s:!e, with tfie ext-eotion of v>, uORy, which 
to m the- iimigt-Ti ;.ijrtace much muui puiCisety. 
t,»tift.> ,^re alb > arr m ctit .jf thi. cds. nftirujn 
(jfojv n n jrmont and itb eccptor whofo s'ruutiii jl ant,i 
ysfs showj ttta about 30 bidt. '-ha uon -aun prcfe n 
are in close i,tntaci bu iiiyTfrat, or of tho >o 1 3»iJue 
have any contribution to the otndina aftinUy and only 
two account for moto tfian tfiree-mjiiiiers 01 the freo 
energy {Welts. 1 y§B>, 

Another! tprt -st 113 issui. atsr>d by thn data p evf-t t d 
here Is the rote of somatic mui^jti )'< ir p oduona nghpr 
affinity dntibodies upon re'-halionge \;ith aoii3t,r Our 
data showi. that at»e8"5{torpfotenuntf9t,n5> ha/tngan 
arbitrarily chosen humars V„ and orte of two motise X 
chasns as a gormline reportotre is no barner to qeoerat- 
ing ve<y h(gh-aff(nity fgO antitwdies. This fintjirtij is con- 
sistent v^th wot k on tht chicken imn onogicbuitnocfie..' 
whort} only ? sinqfe * jn..ttoiiti! V t>f d V ire uiilttsd but 
goes beyond ttt ri iwo mr mat f rf <ipcrts Ont la injt 
cb(Cf<eng have imtu j w 1 lu -j ed ant uodits prior to 
tmnijnizjtion (Wtii! ai d Rt y idud MCs^urrriack et 

al I991i thus ii o ving the arguniei thatfhis<i<»qjt,nwe 
Jtvt «;i< '"at OT tvlvtb t) e t>Ui,e cf i ^igs V legic 1 roper 
♦oiro Second ttie tje n ine V a a Vc gpno iiti!i/(*d 
have been Sf fected ov9rtnsn</ mili Of*s of ywd "& fi, thpir 
cortipatibflfty with many differr m ant gt,n£. and thus, th-^y 
may represent the most polvTun-tiona V V r in on 
sV'stejr we ha>/o chobor j » V \\ pjtr il n lOon i>uj 
t""" "<-• f t i 1 1 (i> jjt, capdbit ittnd tg 

> It r irit^jody bt mil t, 
c V J "> I < t *t ftrft!/ v.ro'is resctive 

cj en.j( 1 1 i 31. d t, -t Li i^matic mutation (Patten et 
"I 1336 Wf-dema/t. et il 1 -tO?) Thf» interpretation 
IS corjsistent With the obsofvalioiis tnat the residtii^s 
characteristw of antibody btndtng sitos tiavtJ an unusu- 
aiiy htgh proportion of ssparagmes. lysines, and afo- 
maiio amino acids, more typical of t he interior of 3 qiobu- 
lar protein than to its surface af>a capable ot ^nkmu j 
wOk v^rttty j d tto ec t contacts (Kdbd et 3 f "> 7 
tfininoid b->tito 1 i"ii P-Jd'iri I'JtO M arn.t if l^iy 
It ifi 1 omi, _>iin tsn It t J tu pri. p.j ,1 t ^ „tj 
and others that a single antibody lYiotociiif couto told 
around differen; antifjfjns in ftiffyreri; wayy to arsiievc- 
speolticity (Paulinci, !940}. 



Tfie !) 



stroncjiy suggest tnat the pufpos« of t^iglily d:v6/se 
C0R3 regions in atl antrgeii receptors ss to provide anti- 
gen specificity. It swpporis our earlier specoletions 
(Davis et af.. 1997, 1998) but is f^ot consistent with the 
Protecton iTiodel of Cobn and colleagues, which argues 
that the prtrnary ariiibocfy ropcrioire is solely defined 
by gorrnJine V„ and V. gene sequences {i,e., CDfll and 
com) and ttmt CDR3 is not important in the initial deter-- 
> of antibody specificity (l.angman and Cet>n> 
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19S7; Cohn ai-.d Lanfjrnart, 1990), The Protocton mode! 
Jilso «rcj!.tes that in iht- primary antibody repertoire, each 
spscfiicity is yxprcHSfirf by a iarg© number of B ceits. 
Our data suppoit the notion that certain amfbody speci- 
Jicities maybe relatively abuntJantpriorto antigen stimu- 
lalioo in these mict;. "n-ius, it would be interesting to test 
whett»0r some CDR3 sequences are expressed att«"-gtior 
frequencies than others in tht preimmune repottofre in 
the mice analYze<} Here and in wisd-type jinlfnaJs, 

The onfydotif.it we iiave deifjctsd in the iiTtmune reper- 
totra oJ mic* mih liniiJed V gef^efs) so i&t m in tiicif 
tnotiifity to fesjjofic! to bacteria! potysaccharicJfl anti- 
gens, tntcfiesf lfigty, chicheos are unatjfe so mount robust 
antibody rssponsos to ca»bohydrates as wei) (.ieurissen 
e! &l , 1 S9S!, aftfioijgh tms fioini ts contf o>/»rst;jl (Gran- 
fot-a 19a;?; J;itk.-jn«n af„ 1933!. tf tiv? Utih-.ro to 

rtrsponci lo bact^riai poivsaccfiiindoG is one to tfis lacK 
oi appfopriate pairt.'j} toacconimodste these nsole- 
cutes;, the HC / /gH ' ■ /sk " ' ' nttce may have difticuities 
in clearing bacterial inJcfCttons. Tiic syst«m described 
here wiJf provide an oxperfmental test tor ihe idea itist 
onique V«/Vt patrs coutd be selected by pathogens dur- 
ing evoJutlon and then fixed in th« germiine (Langman 
and Cohn, ,1887; Coi^t? and Laogmao, 1990). 



Hsrtsor. mi ana tired at our Aumut ne-.i.aicii i -to i«, 3f 3t^,) q,q 
Uoivofsity, Msec irajssgwMC for tiie humm hoiwy ci^ain minifocus. 
MCI we Pfswusiy descjifjeii fTaytof et ai.. tS32. t99<!j. Mica 
containiftg tarQ£^)stl datstions ot the J„ t&tton o» ttie Jk-Ch rtglcn 
WNjue also described anrf are ret«)n:d lo in IWs papsr as « 
i^ "' {Chen et ai., 1993a, 1933tj), Tiv) HCi ifansgenic ipise W8f» 
ixei} WHO the IgK *' backstomA Dstaits o/niouse !>(«eciwg 
aiwi scteonififl will be fumishatJ upon ranuesl, 

BSA, CT!3, CSA, DEX (MW S0£),000), Ha, KLH. tcvan, OVA. PCC, 
and pliOx were purchased from Sgma (St Louis. fytO). OMP-KIH 
and ONiP-SSA ware from CaJt>(OChen> (La Joita, CA}. TNP-fteoit and 
TK>P-BSA w&re Irom Sioseah* 1 echwlogtes. (ni;. {^fov^fo, CAi. 
piiOx-CSA arxJ pnOx-BSA wew iirepsrisd as *ser!l>«J {Mafcoia o! 
ai.. 1 ars). PC-KUi ana PC-8Sa ware xtfidty provKJod by Pr. {.«or«>ri> 
A. Her<»oOi3rg {Stanfocd Urtiversity). 

linrmoe it-spwi5«5, 100 CIS H-L i\! H P^<^ OVA DNf t- 
oFphO;^-CSA;.-io(tHefwfftp!t,<it»Ftut>d ■o-jjn 1 t(tci rsli ju^ti n 
or iivoin^jltK; Frfik-fid'-f adfiivanl {ill iu sRqjc inject 0:1 ) o>- 
aelii>iniste.'«<.1 by itHrar'e/ft'J'H^.rii trjtPi, on "^u 3 )evo« -> dS 3d > 
tcretl !n phOictiste buf(fjfo<J isiiiif t'>b<^ ' mtrapLtrtcoedf y vi h nt 
inijuvarit; anci 10 OB/.. lO jiy TNP I irot! o lOo PC Ku.H (ai 
PE3S) was admtni!,w;eii by tiitfavenou* if jcrttnn To a«t<?- 1 WCI 

human !gM (C!one Ci-i6. The B;r>cline Site.Hiiminetiam, tJK) 01 mouse 
afiii-humati tgGl anlioociy (Cioiw MmeS, spaci^c, Cotbiochfim}, 
and plaie'bound MCI mlit>o6y was detoclAft with atkalino (ihoapha- 
s coi)jugatad potyetorm) goal ann-fiuman JgM or goat ar 



tgG ai 



i) fSfh 



i:i-r^iUophsnyS pJwsphate iorgrriA 
'O'.l 00 v;os IT^.■;.l^.'.lt•-;•J .i! Mib t.m :) :.iicto(ilaSc .'esittviiWoSweuiar 
Devh;.>4, .»i5ld Ano. CA). Purified htiman serstni i^M and liuinafi my, 
esoriiii IgC; t i'Siiijma} Acit- useJ as !>tafid;ifOs. Oscurronceof anugav 
fifjiiciiic .^fitiaodtos ati.ftf SnvrtUfikatieii vvBsaisocjtanifnarJ tiy KI.ISA: 
pfaies ware coaiaii with sif|/ml iff antisjen, (fjcubahia v/kts 
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iyyatecf poJvctoiiai 
.ati (w mouse) SgQ 



wote isotatetf irom tulcc imfnufii/.et.1 wilh KLH. OVA. Hsi. 
KLH, and fused wiJh ttw nonsccretine myelo'iia P3XS3-A<}8.6S3 celis 
using Standarrf procadurea (Hartow and tan*, 1933), Hybrsdomas 
■ware si^titncci by l!««tir!«f dilution aftor ttain^ sS^Qvm to producc- 
ai>ti<}Gft>«paci(i« tgM or antibody in EtISA. 

RT-t»CR Bdfi Sauuenee Analysis 

totis! RNA was !$oia(ad frgn> B colt hybridomas with tt<e RJ<!«aisi' 
wiin) m (Qiaganl. cONA was iylShsaiiad using oligo tdp'^„.>, !Cot- 
tabo.a«ive Siamodit;aJ pfoflucia, S<-x«orci. MA) and SUPCfiSCfilf't 
f! fiNsn* H • rstveree iranscfiplasu itJfBCO-SSL, OaithcrsfcuFg. Mb) 
ant) a.-nfiUAoo iiy ?CH «i!f< ToqPlu« Prcieisfarf PCS system iStm- 
IsgoHS. I,* Jotia, CA). Ttic wmw pairs used in PCfl wsr« a* iollow: 
V„S--5?.L {5 -cctcgccc!cctcci33C'.aite-3') aoc* C„.l J&'-gaaggaagJc 
ctstgcsasscaS'S'j {(or ri chains}; Vw5-61.l,' {5--i;ca»ccn;gc<;t;tqctc 
cta-3') andCjH {S'-cgBotgagtlecacgacscc-S'} {tor-yJ diainaj; and 
V,},S.L i5-tcac«alas!!cfcSc1cetsf-3'> and C,i,2,3,t 
tjaaaeatt/fi'at<Jfl'ga-3"j (itu k r;hains). Ampfitied cDMA was cSoiKKi 
irto pGCM-^ fa'iy ^/uctor (Proma^h-i. MasJiSfjr, Wlj and se<|uertecd 
Willi thE> Oyi; Deoxy Teuninainr Cycle Sac^uancing Wt (Applied 
Biosystc-tPs, Fostaf Cny. CA) cn an A;jp!ie£j Siosysteros 3?3A ONA 
SaQuencoi' (PAM Facility, SSarttiwd University}. 

Antteody PuriJfcatten and Affinity Maasuramenis 
tgOl andtiody was purilisd tFom meusa sefum or hybridoma $up«r- 
nstai^t by afttnity column using yoat anti-human IsQt (Fc spiectfic) 
antlbotllas corijugated to agsrOKs ttoadst iSwma} aocnrditia to ststv 
ctard pracadtjraa {(titrioiM and Lane. ISBS). and axchangoo into f>0!> 
UMrtqCe^trlean-SOCAmlcon iCK bavai!^ VAt Aiilgono sn<it>ooy 
w->s inmobitinij to thi. BIA CS^^ chip J^n^m Ei os>'<rsof, 



(, try t 
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SPh < *asuromtM5 wari prjrtoff it ) ■<< 2'> tj 1 tsl Vo c 1 
1 he aiteooation snd^or dl^socisuon phase* of anligBft-afmireoy tn- 
taritctton ware ni wttti tha stngto-stte t^ndtng mode) 0I SIA£raitiation 



i o < 1 J «. 1 1)11 <Jd < jnjiysib Loii 

ai J s _ i.rl<i f cojrimonUon harrwdusfp' J 1. > 
jf u ^ L i , t-loctoraJ '»t!owi(np ttorn (ht Oa<no.T Run 
faHei VVinciwn,i=i>i(Rdatio«40Re-l<Sia}.Ttiisw<Mt< was funded 
ih ijranis (!ct M. M. o.) from (hs f*a»onoJ Inswmo of Heottn 
d Howanrt Huyltes Mtsdieal Institws, 

'ad January ■>&. ZOSft: revisad fAav 23. S(>00. 



Rafefeotes 

Akoilcar, P.N., Sikdisr, S.K, Brisnacharvw. 3 St., t.iao, J , (lrL;t; 

^enas arc used (o pcociuci: tim-.'ar f;f>n>t..if>ii-i3 ijilcis wiih sfjt 
ten aji~0) dexfrans. J. mmwiioi f,3S, .■i.;;2-'44;'S. 
Barbas, C.F.D.. fJaio, J.D., HMkslfa. D.M.. oiicl i.ffr.c-,, fi.A. ! 
Sernisynltifitic eon>l)inay'jria! armbody ifcraiies". in'i'-'fucai 51. 
to Shf sfitfarsiiy probia.i;. Pre*, N'aii. AeafJ, Ssi. USA -S'lS?- 
£>.-wstact. P.. I=iudi!vi>h", S., Potior, M., Cotsn. .W., KocfHsbfrfg. Vii 



Hood. L (tS74!. Immijfwiatobtifn s 
(( Oilte of nr o n 
Sciaiwe 183. SBH-aSG, 



n ti ke VVh rfod ^ticsP I; M ) G nn 

she antibody rospons« lo dextran tn fjwcs. Science if} 176~»Si) 
Casca'DO, M,. fvia. A., Lee, s.. Masai, L„ antf Wab). U. (iSSfe). A 
qiiSSi-moiiOCional mouse, Scisnse t6<i9-16S2, 
Chen. J., Tiwuiisitne: M,. A(t. F.W„ Younij. F„ Kufatiara. C Loraig 
j,F„ and Huszar, a (TS93a}, tmmurjogtoiiolin Qemt leaffartosrtieni 
in B cef( iieficiortt Jiite* g«n«ral8<l b>- ttfaelotJ detaiion oi Ihe 
!«:«$. tn(, kiWHunOl. 5. B47-656L 

Chen, J., TfiWfBlfne. M., KoraftSfa. C„ Vtiimg. F.. Kwo. C C Xu V 
totitig, J.F.. AH, F.W., and Husijtf, 0, {}993b5. 8 CoS dmlopmwx 
m ftiicc lhat lack one Of both jmRiufio^losuifn kisppit fiohi chain 



t « %j i h 
-If, r. J h LA A N s 
K p n PL f- 



5) 



M,. atjQ tangmarv, P.E. i)ysn». I tie orolactow (he ujiit of 

9>iTOm , _ec..c_t.. e.gfu rr,(rnjnoi. Sev. r»S.lf-;47- 

VL n n R g G <!<• 0). <\ y ao 

ft <3gy1<jB Pogr. <, ojjy )V f4m }*« Con r 

JMrou 0 » t t «. (NowVcA Ac4don,f 



Mo 



e fin 



IK. (. go 



MS}. H., Cateme. K.. Mood, t, {1381}. A 
nont encodes (Ins iiitmune response to );^o»pho> 
V e somatie mutation >s corretwed wtth the eiass oJ ihe anii- 
t>ody . 25, 59-66. 

OavjiM, p.tl., and Cohan. G,h. (igSe). IntorwSions of pfOlein 
gsns wrth aniioodies, Pfoo, Nasi. Acad. Soi. USA S3. ?-i2. 
Oawifts, Padlgn. EJt., and SJiefift. S. (1930). Anllt)0dy-»n«3(?n 
coifiptoJtes. AtMiu. Rev. 8iociwm, 58. 43S-473. 
Oavt MM andDpisnar p fi^es) Tcei n f f po 



£. in 



howafd, J.G., Vfcan. Ci,. afid Ccwtefsay, 8.M. {1§7S}. infiuence at 
mofecuiar sifuoluie on tt<o toietogeftic-ty of Uasterta) osxlrans. t- 
Theol-e-lfflked epitope of doxtran 8512. tm(«uaoioa/23. 
!«w»shf,T„ and Makota, O. Osynj. (nfwritanceof aniibody SfMsciffc- 
ity> t, Antc(4-Jiy<J(oj(y'3-nilfoplienyJ)acetyl ot the mouse primary fe- 
spcMJso. J. Sxp. Meo, MO, iJ8a-ism 

tmamshi, T., and Maketa, <}, <5s7S), tnheritanee o( snHbody sipecaio- 
fty. B, Antt.<4-hydroxy-s-ijroiT>o-3-ftrt»ttptienyf|ocetyt of the mousft. 
^. txp. Med, MI, 

jalkanen, ».. Granfors. K., jsffcatwn. M,. and Toivansn, f>. (lasaj. 
Immune Capacity ot the chjcksn tsursect wnfeed al 60 hours ot incu- 
Daiioti; (attufc to prodoce ifnmuu*. natural, atvi airtoarttibotjius in 
spite ot fmmunogfobutfrt pwduction. C««. IfrsmwnoJ. ea. SSS-sya. 
Jiweway, C.A., jr., and Travors, P. (igaTJ. tmmunobioioqyr th* Im- 
mune system Srt Heattn at^d 0<s«ase. TOrd edition (t-iaw Votit: C"f- 
(ent tMofogy Ud,/Dartafid Cublishino fncJ. pp. E:; 2-8:17. 
at endCtsoH a C {JiJ 0) Ho t p 
fooogoiifofi sites. J, tJioL Cfwn. 160a7-tfl03i> 
jourssson, s,K. Jan,«!». £,M.. van Rooijen. W.. and Ci,ia!iaf>.i. £ 
[iS^S), I.indcQiiatA aoB-poiysaccharido iintfhnciy lOiipuiifico in «N- 
cmckuft. Imrnwnoijjoiooy ;s)S. 38S-395. 

jofsonssn, ,f.L., Esser. U.. Fayakas da St Giwih. U . «eay. .smd 
Oovis, MM. Mapping T-c«)l ntueptor.poptiflo coniact* 

vatam ^ptde n wi o ( n w turv 

.•J55, 3a4~S3fJ. 

Kaartinen, («„ Gnliiths. e.fj<.. Watkt>ai!i, A.t:.. ajid Milsiein, C. (JBSa) 
mftNA sequences dsfmo aii umist.-ii!!v .R.vi.-i.riKK itjiS responds to 
^-phsnytoxiWotonB and m toriy sificasion. Nature 304 
3213-324, 

f »A y T and tJito k H tJ r Jn s (o u o 
ot sfFiino acKjstncocipfoJwniaffty-deterasiniiw (Hypefrvariabtej see ■ 
mcms o< hi-avy sod tujnt ctiaio* of tmmunoslobuSfiS and their possi- 
uie ivma tn spttniciiv Of onttbody-cotHbining sfies. -J. Bid. Chem 



«J CohR. M {1987}. r 



i saiepi^am-tadpoie) 



U. H., l,ea«dtti'a. M.I.. L)cfa> A.S.. Fiefcis, B.A„ 8>w«i<it, M.S.. «it> 
Mn/ioi-ia, R.A. (jgsS), StfaClU!!e of the VfJ domain of 3 fcumaiv -yS 
T-cell antlsen recepior. Malure 608-508, 
l6pee-Maoia$, C, Katiiika. U., Cascalho, M.. Wabi. M., Hongisrtfwr. 
H„ »nkemagoi, RM., and Umaw. A. {1699). Seconditty re- 
a>ri»Tgomontti gnu tiyoormuistion g^nofate suffteient S ee!t liiTOfshy 
to fnoufn protociiTO antiv*f8) immunsgtotauBii fasptinses. J. 

fAAkaia, O.. Jiiiwi. M.. s«,(j Sectef. M, (ir/C). IrthorSlMsc,-; of antitody 

nyiacette acta in mouse. J. Cup. Mod, U3. 3f 6-32S. 
Maksta, 0„ Kaartiivss), M„ P«9to«en, J,L., anO Kafjaiaineo, K. (iS!7fi), 
InhWrlBTCe of antfcody Stwciftefty. V. Aotl-2-pheiiytoXsKotoiw to Hie 
mouse. J. Exp. Metf. ?4ff, 16*»-16«0. 

Malfncivtst, M. {1993). BujepodfiCi interaction analysis U8)ng biostwv 
6t»f teehnotogy. «8!«ro3SJ, ISS-lsy. 

M«>nstv. T. {19S0}. Limits on haavy chain juiwtfona! tfivcrstty (^mulb- 
tm to tii6 recurrence ot em antibody veriaijte region. Mot lft;munol 
sr, S0»-S11. 

Mason, D.VV,, and Wi;liEms, A.f^, Kinetics ofanl.txjdy 

licos ar«( ihc- analysis ot cat sortaco anlifjcfia. In htandbouk of 



a-f.-ti)i dsvoiopmod!: yts^ 

Mc;Ke*-!, O., Kuop;, K., I 
M.nSiMi Cierie>3t.ur,o 
Of SALB/c mice to i^xiu 
Sei. ySA8t, 3180-318^ 
Miao, i.S., 8fat;,voN, .a.R 



ison, I.M., Flyrtft. G., Mitlglay. 
itxSf fragments from a "finijio 
<;>i«niicaf roasents. EMBO J. 



itfuctufe of a f cad rncripJof 
<--)8ss li. Scienen 13T3-f 9: 
iliBtoJ, R„ 3(onit!«f9, Ei.. Wffig 
and Poltfif. t^. OSVO.i. Rvtifti..' 



to OflOB 



C til.-. 



TSi'>;,', L.y . Cafmack, Ce., SctwaiiVri, S H,, Ma5ii3yo<!i, R.. Higgliis, 
K. M , t-: uy, CC. Woodfiooso, C, i<ay, Fi.lH.. anet {.ontserg, M {t mj. 
A 1! aosi)Biiit; hhjuso tftat expfesws a etivoreity ot hiiman saquenco 
(leavy arirJ lUjhi chaift tmmuno^tebultns. ftucteic AcitJs Re.s. 20, 

Taytfjj, t v.. Cafmack,.C.E.. HuSW, £)., Hlggins. K.M., Mashayokti, 

ft., Sefjvar, G.. £i<!hram.m. S.R,. Kuo, C.C.. O'Donnoif, S.l.,. Ksy, 

iji <^f, (tno-^J. Kumsii ijiTimunogfobMiio transgsnes ooclwfgo fw- 

fonaqavva, i. (138.5). Somaisc (jone'alton ot .>nt!i>0£jy tJsvStSity, Ka- 



fo .Ji-xtfnn, V„1 

J. Immufiol. Mi, 3002 
Ward, e.S., Oussow. E 
()S89). OioOing litllvili 

s-M-S'te. 



analysis 



i, ffnrnwnoi. Methods 



Wofthriio, S H., and Erickson, H p (!Qd2,>. Kin9t)CiiO((>mtein~piotcin 
wssfifiiaiior: 0.>-i3ti5lnGCt by Bfyivrwan Jynair^ss cotnputsr simuisllon. 
Proc, Nasi, ficad, Sci. USA 33. aaas-3342. 
Padlan. E,A. (taSKH, On tiie nalufa ot jj/iSbotty combining stteK 
wousuai itfljctufal teaiunfcs thai may eonffsf o*» these sites ao m> 
hSfiCiKl ea^city for bin<iiog iisands. ProHftin* 7. 1ia-12<», 
Patlen, P.A., Gray, N.S.. YsnQ, RU. Mof(<a, C,B., WeiSemayer, e.J.. 
eoftitacs, J..1., Stmns, F!.C.. and SsAmjUz, P.(S. {1 336). The i'mmuno- 
to«icat evoiution of cslaiysis, SciencB J>?r, 1086-1091. 
Paijitng, t. {1 940), A ttiooi> ot ttis ssniotufe an<J proom of forfftatiof^ 
of untibotiies. J. AW. Chem Soir. S?, 

F'awtax, MusWnskS, g,8,. SiimmoSU A., ant.' t»j5tSer, M. {1973}. 
Btitiviu:!! io! ifte iinhagis ot ihe iaCH tocos to a gwtc coatftjiiiiisj 
«io ictiotvpia sSpaeKidiy of BMi- p-Biophwtyt-arsofsate amttsodies in 
siwirt A mi09. J. Exp. tJed, f37, 22-3t. 

Potter, M., and Liobefman. R.. {JSroj, Common individusf antigcnse 
doteriitififlfite in tivo ot eiglii SALB-t; igA (nyeioms pioteins ft>3i bind 
ph«sptioivi ofioffisft. J. E)(p. Med. 737-751, 



iuir;>h-nii:^Q sue. Science ZfS, 1C66"-!66a, 
Wuitt, J.C . a<id ftayn,<iud. C.A, (taii?). The 
«>ont. Scteoce 33S, >t(94-1098. 
Weffs. J A. (1 996). Sfnalng in the ^rawlh tror 
l»roc. «a«. Acad, S«f. USA 93, i-e. 



>o receptor comptex. 



